Background: Placental growth factor (PlGF) is a member of the vascular endothelial growth factor family that acts as a pleiotropic cytokine capable of stimulating angiogenesis and accelerating atherogenesis. Soluble fms-like tyrosine kinase-1 (sFlt-1) antagonizes PlGF action. Higher levels of PlGF and sFlt-1 have been associated with cardiovascular events in patients with chronic kidney disease, yet little is known about their relationship with adverse outcomes in patients on peritoneal dialysis (PD). The aim of this study was to investigate the association of PlGF and sFlt-1 with technique survival and cardiovascular events. Methods: We measured serum levels of PlGF and plasma levels of sFlt-1 in 40 PD patients at Nara Medical University. Results: PlGF and sFlt-1 levels were significantly correlated with the dialysate-to-plasma ratio of creatinine (r = 0.342, p = 0.04 and r = 0.554, p < 0.001) although PlGF and sFlt-1 levels were not correlated with total creatinine clearance and total Kt/V. Additionally, both PlGF and sFlt-1 levels were significantly higher in patients with high transport membranes compared to those without (p = 0.039 and p < 0.001, respectively). Patients with PlGF levels above the median had lower technique survival and higher incidence of cardiovascular events than patients with levels below the median, with hazard ratios of 11.9 and 7.7, respectively, in univariate Cox regression analysis. However, sFlt-1 levels were not associated with technique survival or cardiovascular events (p = 0.11 and p = 0.10, respectively). Conclusion: Elevated PlGF and sFlt-1 are significantly associated with high transport membrane status. PlGF may be a useful predictor of technique survival and cardiovascular events in PD patients.
Introduction
Vascular endothelial growth factor (VEGF) and placental growth factor (PlGF) are pleiotropic cytokines that stimulate intramural angiogenesis and accelerated atherogenesis by recruiting and activating macrophages via binding to VEGF receptor-1, also known as fms-like tyrosine kinase-1 (Flt-1) [1] [2] [3] . A circulating soluble isoform of Flt-1 (sFlt-1), produced by a splice variant of full-length Flt-1 mRNA, acts as an endogenous inhibitor of PlGF and VEGF [4] . Studies of molecular mechanisms underlying angiogenesis and atherogenesis have recently focused on the balance or imbalance between such angiogenic factors and their soluble receptors. Using a heparin loading test, we found that the post-heparin level of sFlt-1 estimates the total concentration of sFlt-1 in the body and is negatively associated with atherosclerosis in patients with advanced chronic kidney disease (CKD), while an elevated preheparin (i.e. baseline) level of sFlt-1 may be associated with vascular endothelial dysfunction [5, 6] .
Several clinical studies have shown that baseline levels of PlGF and sFlt-1 are useful predictors of mortality and cardiovascular events in patients with acute coronary syndrome and chronic heart failure [7] [8] [9] . Elevated levels of sFlt-1 and VEGF are independently associated with all-cause mortality in patients on dialysis [10, 11] . In addition, our recent studies have shown that PlGF is strongly associated with mortality and cardiovascular events among patients with CKD, including dialysis patients [5, 12] .
However, the association between angiogenic factors and hard clinical end points such as technique survival and cardiovascular events in patients on peritoneal dialysis (PD) is less clear. Our aim, therefore, was to investigate the association of PlGF and sFlt-1 levels with PD technique survival and the incidence of cardiovascular events in PD patients.
Patients and Methods

Patients
In this study, 40 consecutive patients on PD for >3 months were analyzed at Nara Medical University between January 1, 2010 and December 31, 2011. All participants had regular follow-up visits at Nara Medical University approximately once per month. Clinical data including age, gender, hypertension, diabetes, dyslipidemia, smoking, laboratory parameters, dialysis-related parameters, and current medications were assessed through patient interviews and medical records. Hypertension was defined as systolic blood pressure ≥ 140 mm Hg, systolic blood pressure ≥ 90 mm Hg, or use of oral antihypertensive medications. Diabetes was defined as fasting glucose ≥ 126 mg/dl or use of oral hypoglycemic agents. Dyslipidemia was defined as low-density lipoprotein cholesterol ≥ 140 mg/dl or use of lipid-lowering medications.
Blood Samples and Peritoneal Equilibration Test
Plasma and serum blood samples collected from all patients were immediately centrifuged and kept frozen at -80 ° C until assayed. Plasma levels of sFlt-1 and serum levels of PlGF and VEGF-A were measured using commercial sandwich enzyme-linked immunosorbent assay kits (R&D Systems, Minneapolis, Minn., USA).
A peritoneal equilibration test (PET) was performed within 3 months of collecting blood samples using standard protocols [13, 14] . The dialysate-to-plasma ratio of creatinine (D/P creatinine) was evaluated at 4 h and patients were classified as low transporters (0.34-0.5), low to average transporters (0.6-0.65), high to average transporters (0.66-0.81), or high transporters (0.82-1.03). Peritoneal urea clearance (Kt/V) and creatinine clearance (CCr) was estimated from a 24-hour collection of dialysate urea and creatinine, and residual renal Kt/V and CCr was estimated from a 24-hour collection of urine urea and creatinine. Total weekly Kt/V was calculated as the sum of renal and peritoneal Kt/V. Total weekly CCr was calculated as the sum of renal and peritoneal CCr and was normalized by 1.73 m 2 of body surface area. Of the 40 enrolled participants, complete PET data were available for 34.
In echocardiographic findings, left ventricular mass index (LVMI) was calculated using the Devereux equation: LVMI = {0.8 × [1.04 × (left ventricular end-diastolic diameter + interventricular septum thickness + posterior wall thickness) 3 -(left ventricular end-diastolic diameter) 3 ] + 0.6}/body surface area.
Study End Points
Cumulative PD technique survival and the incidence of cardiovascular events were determined from the day of examination with a median (interquartile range) follow-up period of 18 (4-25) months. PD technique failure was defined as discontinuation of PD because of uncontrolled volume overload with 2.5% dextrose solution or icodextrin solution, progressive uremic anemia resistant to erythropoiesis-stimulating agents, or refractory peritonitis despite antibiotics according to the International Society for Peritoneal Dialysis (ISPD) guidelines [15] . Cardiovascular events were defined as a composite of the following individual events during the study period: new-onset fatal or non-fatal coronary artery disease, sudden cardiac death, congestive heart failure, and cerebrovascular disease.
Statistical Analyses
All variables were expressed as means ± standard deviation or medians with interquartile range, as appropriate. Spearman's rank correlation coefficients were used to assess the correlation between biomarkers and dialysis adequacy. Cumulative PD technique survival and the incidence of cardiovascular events were estimated using the Kaplan-Meier method, with the median value as the cutoff. Differences were assessed using the log-rank test. Univariate Cox regression models were used to determine the association between various biomarkers and time to PD technique failure and the incidence of cardiovascular events. A two-sided p value <0.05 was considered statistically significant. JMP 10.0.02 (SAS, Cary, N.C., USA) was used to perform all statistical analyses.
Results
Baseline Demographics
A total of 40 PD patients, consisting of 25 males and 15 females, with a median age (interquartile range) of 60 (56-72) years, were analyzed in the present study. Table 1 shows the baseline demographics of all participants. Eleven patients (28%) were on automated PD and the rest were on continuous ambulatory PD. Most were taking antihypertensive medications (calcium channel blockers n = 28, renin-angiotensin system inhibitors n = 30) and vitamin D (n = 17). Sixteen patients (40%) were treated with icodextrin solution. The underlying kidney disease was suspected to be diabetic nephropathy in 43%, benign nephrosclerosis in 20%, chronic glomerulonephritis in 20%, and other in 17%.
Both levels of cystatin C and β 2 -microglobulin were significantly correlated with dialysis vintage (r = 0.635, p < 0.001 and r = 0.576, p < 0.001, respectively), urine volume (r = -0.473, p = 0.002 and r = -0.686, p < 0.001, respectively), and ultrafiltration (r = -0.496, p = 0.001 and r = -0.736, p < 0.001, respectively). Serum levels of PlGF were directly correlated with brain natriuretic peptide (r = 0.366, p = 0.02) and low-density lipoprotein cholesterol (r = 0.319, p = 0.04), and plasma levels of sFlt-1 was inversely correlated with albumin (r = -0.358, p = 0.02). However, we did not find any correlation between VEGF and clinical factors.
Using PET data, serum levels of cystatin C and β 2 -microglobulin were significantly correlated with residual renal Kt/V urea (r = -0.607, p < 0.001 and r = -0.739, p < 0.001, respectively) and residual renal CCr (r = -0.670, p < 0.001 and r = -0.773, p < 0.001, respectively), but no significant relationship between angiogenic factors and residual renal Kt/V urea and CCr was observed ( table 2 ) . PlGF and sFlt-1 levels were directly correlated with D/P creatinine (r = 0.342, p = 0.04 and r = 0.554, p < 0.001, respectively), but VEGF levels were not associated with dialysis adequacy. In addition, both PlGF and sFlt-1 levels in patients with high transport status were significantly higher compared with those in patients without high transport status (p = 0.021 and p < 0.001, respectively). Echocardiography was performed within 2 weeks of blood collection in 36 patients. LVMI was significantly correlated with PlGF (r = 0.418, p = 0.02), but not with sFlt-1 and VEGF levels (r = 0.06, p = 0.91 and r = 0.01, p = 0.93, respectively), although ejection fraction was not correlated with all biomarkers.
Clinical Outcomes
During the study period, 10 patients switched to hemodialysis (HD) and 13 patients experienced a new cardiovascular event, mostly congestive heart failure. Unadjusted Kaplan-Meier analysis showed that patients with above median levels of PlGF had significantly worse PD technique survival and a higher incidence of cardiovascular events than those with below median levels (p = 0.003 and p = 0.002, respectively, by log-rank test for trend) ( fig. 1 a, 2 a) . However, we did not find any association between sFlt-1 and PD technique survival or cardiovascular events (p = 0.11 and p = 0.10, respectively) ( fig. 1 b, 2 b) . VEGF was significantly associated with cardiovascular events but not PD technique survival ( fig. 1 c, 2 c) .
As shown in 
Discussion
We first investigated the association of angiogenic factors with technique survival and cardiovascular events in PD patients. We found that PlGF but not sFlt-1 was significantly associated with PD technique survival and cardiovascular events in unadjusted models, which suggests that PlGF might be a more useful biomarker than sFlt-1 in PD patients. In addition, both PlGF and sFlt-1 levels were directly correlated with D/P creatinine, whereas VEGF levels did not have any correlation with dialysis adequacy.
PlGF, which has sequence homology with VEGF, plays a critical role in the pathophysiology of angiogenesis via the promotion of new tube formation by endothelial cells and destabilization of plaques through mediating macrophage accumulation and activation, thus promoting atherogenesis [16, 17] . These biological actions of PlGF are mediated through its specific receptor, Flt-1, although VEGF has several receptors, including Flt-1. sFlt-1, produced by alternative splicing of full-length Flt-1, lacks the transmembrane and cytoplasmic domains. It binds PlGF and VEGF and acts as a decoy receptor, inhibiting the effects of both PlGF and VEGF. PlGF and sFlt-1 have emerged as practical clinical predictors of mortality and cardiovascular disease in patients with chronic heart failure, ischemic heart disease, diabetes, and CKD [5, 12, [18] [19] [20] [21] . In addition, as shown by Guo et al. [10] , sFlt-1 is independently associated with all-cause mortality in HD patients; however, the association between PlGF and adverse outcomes has not yet been investigated in PD patients.
Of note, both PlGF and sFlt-1 levels were directly correlated with D/P creatinine, based on PET data within 3 months of blood sample collection. Patients with high transport membranes had significantly higher levels of PlGF and sFlt-1 compared to those without. Taking these findings into account, PlGF and sFlt-1 might play important biological roles in regulating the peritoneal vasculature in PD patients, and an increase in circulating levels could serve as an important indicator of peritoneal deterioration. Zhang et al. [22] have recently reported that experimentally Flt-1 is generally expressed in peritoneal membranes in PD patients, which supports this hypothesis.
We found that PD patients with higher levels of PlGF have a greater risk of technique failure and cardiovascular diseases than those with lower levels of PlGF. PD patients have increased LVMI and cardiovascular risk if not adequately monitored [23] and in the study, the most common reason for switching to HD and incident cardiovascular events was congestive heart failure with poor fluid management. We and others have recently shown that PlGF is a strong predictor of elevated LVMI and a greater risk of heart failure requiring hospitalization in CKD patients [12, 24] . PlGF transgenic mice exhibited a greater cardiac hypertrophic response, a greater increase in capillary density, and increased fibroblast content in the heart in response to pressure overload stimulation [25] . In addition, higher PlGF levels in our patients were significantly correlated with high peritoneal membrane transport rates and impaired net ultrafiltration. These findings suggest that PlGF may be involved in the development of not only atherosclerotic disease but also heart failure in PD patients. On the other hand, in spite of a closer relation between sFlt-1 and peritoneal function, elevated sFlt-1 levels were not associated with technique failure and cardiovascular events. Unlike PlGF, sFlt-1 levels were not correlated with brain natriuretic peptide levels and LVMI, which suggests that sFlt-1 was a surrogate marker of peritoneal angiogenesis rather than of cardiac hypertrophy and failure due to volume overload in PD patients. However, further research is needed to understand the association of PlGF and sFlt-1 with heart failure.
By contrast, increased expression of another powerful ligand for Flt-1, VEGF-A, in cultured human peritoneal mesothelial cells is responsible for the development and progression of peritoneal membrane hyperpermeability and fibrosis [26, 27] . Additionally, dialysate VEGF predicts future withdrawal from PD in patients receiving PD [28] . In the study, however, VEGF-A was not significantly associated with PD technique survival and peritoneal function, and sFlt-1 antagonizes not only PlGF but also VEGF, possibly resulting in the prognostic differences between PlGF and sFlt-1 in PD patients.
The current study has some limitations. First, it was limited by a relatively small number of patients and events, and thus we cannot identify independent risk factors of technique failure and cardiovascular events. Second, we did not analyze the changes in circulating PlGF and sFlt-1 levels or measure dialysate PlGF and sFlt-1 levels.
In conclusion, both PlGF and sFlt-1 serve as surrogate markers of peritoneal deterioration. PlGF but not sFlt-1 is significantly associated with not only technique survival but also cardiovascular events in PD patients, suggesting that PlGF may be a promising biomarker in the clinical management of PD. However, larger studies in the future will be helpful for validating our results.
